N ext year has been designated the International Year of Soils. In anticipation of this important year for soils, I thought it might be appropriate to reflect back on some of the accomplishments and highlights of our discipline, which have been many. Some of the biggest names in science history have worked on soils issues. Francis Bacon and Robert Boyle worked on plant nutrition from soil, and Leonardo da Vinci conducted experiments in nutrient cycling (Brevik and Hartemink, 2010) . Charles Darwin was a leading figure in establishing soil biology as a subfield through his study of earthworms (Berthelin et al., 2006) and worked on the concept of the soil profile ( Fig. 1) (Brevik and Hartemink, 2010) . From the establishment of detailed soil surveys to medical advances, technological improvements, engagement in environmental issues, and combining soils knowledge with that of complementary fields, soil scientists have had a profound impact on our society. The following article will offer up a few highlights from those accomplishments.
Human Health
One of the great contributions of soil scientists to the modern world involves human health. The most famous of these contributions is probably the isolation of antibiotic compounds in 1940 from soil organisms by the research group at Rutgers University lead by Selman Waksman, a feat that earned Waksman the Nobel Prize in Physiology or Medicine in 1952. Soils have continued to provide rich medicinal material, with 60% of all new drugs approved between 1989 and 1995 having soil origins (Pepper et al., 2009) . Many other soil scientists have contributed to our understanding of soilhuman health relationships as well in areas including nutrient supply, exposure to toxic levels of various chemicals, and pathogen exposure (Fig. 2) (Brevik and Sauer, 2014) .
Soil Surveys
Many soil scientists and other users of soils information in developed countries may take their soil surveys for granted, but the detailed display of the spatial distribution of soil information (soil surveys) is a very important contribution to society. Soil survey has a lengthy history relative to the establishment of soil science as an independent scientific field of study, with the earliest soil surveys being made in the first two decades of the 18th century (Brevik and Hartemink, 2010) . These early surveys were used to determine land taxation rates. Detailed soil surveys organized at the national level began in the United States in 1899 under the direction of Milton Whitney (Fig. 3) .
Fig. 1. A diagram from Darwin's 1881
book showing an 18-cm thick topsoil of "…a waste swampy land that was enclosed, drained, ploughed, harrowed, and thickly covered in the year 1822 with burnt marl and cinders." It was then sown with grass and used as pasture. Some 15 years after its reclamation, holes were dug in this field, and the following was observed: the turf was about 1.2 cm thick (layer A); the topsoil (B, named vegetable mould by Darwin) was about 7 cm thick and contained no coarse fragments; the C layer was 4 cm thick and full of fragments of cinders and burnt marl that were red colored; D was the subsoil consisting of black, peaty sand with quartz pebbles. It took 15 years for the cinders and marl to be covered; compared with other sites Darwin investigated, the rate of coverage was interpreted to be slow because the land was poor and the worms were scanty (Darwin, 1881) .
This was also the worldwide debut of the detailed national survey (Simonson, 1986) . While most detailed soil surveys were originally intended for agricultural use, over the years, their uses have expanded to include land use planning, environmental work, and other non-agricultural uses (Indorante et al., 1996) . It is important that we continue to improve our soil maps and increase the quantitative information in them as these maps can provide extremely important information to help address a wide range of modern issues (Sanchez et al., 2009 
Soil Science Tools
The techniques used to study soils have changed considerably over time. The earliest field tools and techniques were quite simple, including shovels, augers, topographic maps, and odometers attached to horse-drawn buggies. As time went by, more complex and specialized field tools were developed, such as aerial photograph base maps, hydraulically driven soil probes, data loggers and sensors to track a wide range of soil environmental conditions, electrical conductivity and portable x-ray fluorescence tools, and standardized techniques such as the Munsell color chart (Fig. 4) .
Fig. 4.
Field techniques have changed considerably since the beginning of formal soils work. One hundred years ago, field descriptions were based almost exclusively on observation and qualitative descriptions (top). Over time, techniques became more standardized and included tools such as Munsell color charts and aerial photographs (center). Modern soil investigations include a wide range of techniques such as electrical conductivity that are often used with GPS to provide spatially referenced data (bottom).
Photos courtesy of the USDA-NRCS.
Laboratory techniques have also advanced. The early days of soil science saw extensive use of wet chemistry laboratory work and physical separation of soil fractions. Modern laboratory scientists can rely on inductively coupled plasma atomic emission spectroscopy, high-temperature combustion, x-ray diffraction and scanning electron microscopy analyses, and laser diffraction systems. Soil biologists can utilize culture-dependent (plate counts, direct extraction, etc.) and culture-independent techniques (fatty acid profiling, Sanger and high-throughput sequencing), enzyme assays, quantitative PCR, and various incubation techniques .
These advances in both field and laboratory techniques, along with the creation of spatial statistics and GPS/GIS abilities, have revolutionized our ability to investigate, predict, and communicate soil properties (Fig. 5) . Fig. 5 . Two views of the same field. The top map shows an Order 1 soil survey of a field in central Iowa, USA. The path followed through the field by an electromagnetic induction meter is also indicated, along with the general apparent electrical conductivity (EC a ) value for the soil at each point. The bottom map shows an EC a map generated by applying spatial statistics (kriging) to the EC a data collected along the route indicated along the top map. Through the use of such techniques, it is possible to get large amounts of data from a field in relatively short amounts of time, although ground truthing is still very important. Maps from Brevik et al. (2012) .
Soil Erosion
Soil erosion has led to the decline of many civilizations throughout human history (Montgomery, 2007) , but in the 20th century, soil scientists took on this major problem. In the United States, the Soil Erosion Service (SES) (later the Soil Conservation Service and then the Natural Resources Conservation Service) was formed in the 1930s to respond to the large-scale soil erosion that was occurring throughout the United States. Under the direction of Hugh Hammond Bennett, the SES set about establishing sites for conservation demonstration projects. The first of these sites was in the Coon Valley of Wisconsin (Fig. 6) , a site selected in consultation with R.H. Davis, Noble Clark, E.R. Jones, Otto Zeasman, Warren Clark, and Aldo Leopold of the University of Wisconsin (Anderson, 2002) . Through fencing to control where cattle grazed, the use of contour strips and terracing, and planting steeper slopes to pasture, hay, or trees, amazing results were obtained in Coon Valley, with major decreases in soil erosion and gully formation (Anderson, 2002) . Similar practices are utilized throughout the world to help control soil erosion. 
Soil Geomorphology
Soil geomorphology has contributed greatly to our understanding of soil landscapes and evolution of soils and landscapes over time. The roots of soil geomorphology go back to V.V. Dokuchaev, and in the early years of the 20th century, T.C. Chamberlain and Frank Leverett made significant contributions to soil stratigraphy that would help form the foundation for soil geomorphology (Holliday, 2006) . The creation of the SES was important in the evolution of soil geomorphology, as the study of soil erosion required a landscape component. Research sponsored by SES in the 1930s led by Carl Sauer and C.W. Thornthewaite was particularly important to soil geomorphology.
Major advances in soil geomorphology were made during and shortly after World War II, with significant contributions from individuals such as Hans Jenny, James Thorp, Kirk Bryan, Charles Hunt, Gerald Richmond, Roger Morrison, and Robert Ruhe (Fig. 7) . Outside the United States, B.E. Butler and Dan Yaalon were influential (Holliday, 2006) . World War II was particularly influential in the development of soil geomorphology because the war led to the formation of the Military Geology Unit (MGU), a group of top geologists and soil scientists who provided geologic and other environmental data to assist with the planning of military missions. While soil scientists and geologists had operated to a large degree separately from one another throughout the decades prior to World War II, the MGU brought them together and allowed them to exchange ideas (Holliday, 2006) . According to Holliday (2006) , soil geomorphology was fully formed as a subfield by the mid-1970s. With the modern emphasis on the critical zone and on evolution of natural systems, soil geomorphology remains an important piece of the interdisciplinary framework under which critical zone research takes place. 
Professional Societies
Professional societies have served as important places for soil scientists to discuss and expand ideas and, thus, expand the field. Many countries around the world have professional soil science societies; the European Commission (2014) maintains a list that indicates at least 59 countries have one.
The Soil Science Society of America (SSSA) is the largest such soil-specific society in the United States. Founded in 1936 by combining the American Soil Survey Association and the Soils Section of the America Society of Agronomy, SSSA has grown from only 142 members in its first year to more than 6,800 members today and now offers annual meetings, educational support materials, five sponsored or co-sponsored journals, and many other benefits to members (Brevik, 2011) .
The International Union of Soil Sciences (IUSS) is the largest soils-specific international professional society. With a membership that is now over 60,000, the IUSS offers soil scientists resources such as the biannual IUSS Bulletin, a website, and the World Congresses of Soil Science that occur every four years (Brevik and Hartemink, 2013) . Probably the most important contribution of the IUSS is consistently providing a forum for international exchanges of ideas and collaborations among soil scientists.
In addition to the soils-specific societies, a wide range of other societies in related fields include soils among their topics. Professional societies will continue to be important venues that support the advancement of soil science.
Recovery of Soil Science as a Discipline
Soil science as a discipline has had periods during which it thrived and periods of relative decline. Although not an exact gauge of the overall health of a discipline, membership in professional societies and student numbers in educational programs can provide insight into its status.
After a long and fairly steady increase in membership, SSSA experienced a large decline (about 15%) in membership over a 10-year period from the early 1990s to the early 2000s (Fig. 8) . At the same time, declines in the numbers of and importance of soil scientists were reported in other countries , soil science programs were being disbanded or merged with other programs and departments, and soil science student numbers were on the decline (Collins, 2008; . This was due, in part, to the fact that soil science courses and even programs are taught by a wide range of related but separate programs, including geology, geography, environmental science, and others Brevik, 2009 ).
The importance of soil science to addressing modern challenges such as food security, environmental degradation, climate change, soil erosion, etc. gives hope that the soil science discipline can recover . Membership numbers in SSSA have rebounded and are now at an all-time high, another indicator that gives reason for hope (Fig. 8) . However, to fulfill that promise and avoid being swallowed up by other disciplines, soil scientists will need to establish a unique place for the field as it relates to these issues. Even the very brief history given here demonstrates that the study of soils is a very interdisciplinary undertaking. The examples given so far have touched on soils as they relate to biology and medicine, cartography, chemistry, physics, statistics, geology, and hydrology. Many other fields could be added to this list, including geography, economics, art, archaeology, etc. Just as we've only touched on a few of the fields that soils relate to, this column is only a very brief review of some of the high points in the history of soil science. Many more stories about our field's past are waiting to be discovered in the references cited here, in many papers I don't have the space to include, and in books such as Krupenikov (1992) , Yaalon and Berkowicz (1997) , Warkentin (2006) , and Helms et al. (2002) .
The history of soil science is rich and deep, and an understanding of that history can help one understand how we got to where we are today and, through that, lead to a better understanding of our modern scientific ideas. I hope you will take time to explore the history of our field in more depth during the International Year of Soils.
